Abstract. The new screw-propelled 3D printer can realize 3D printing with granular plastic materials. The granular plastic material cost low and need not pay more attention on material flexibility. In this paper, the motion characteristics of bubbles produced in the printing processing of the screw-propelled 3D printer are studied. Through the analysis of the screw structure, and establish the corresponding three-dimensional model, the flow field of screw propulsion system is established by using FLUENT software. Through the simulation, the effects of the speed of the screw propeller, inlet pressure and screw pitch on the velocity of the bubble rise is studied. And the different locations of the bubble are concerned. In order to make the bubble escape from the fluid, a new structure of screw propeller is improved. The simulation result shows this improved structure can get a good performance to help to remove the bubbles in molt plastic material. And the fluid leakage can be compensated by increase the speed of the screw propeller.
Introduction
Additive manufacturing, also known as 3D printing, is a transformative manufacturing technology that will play a significant role in the critical manufacturing sector [1] . Fused Deposition Modeling (FDM) has become the most widely used 3D printing technology due to its simple operation and rapid forming speed [2] . Now, the FDM printing material is wide used in 3D printing, but it is limited to wire type plastic material, which increases the cost of 3D printing. A new type FDM 3D printer is developed in Xi'an University of Technology, which is a screw-propelled 3D printer based on granular materials.
In the practical printing experiment, it is found that the air between the granular materials will chance into bubbles while the material is melted. The bubbles will affect the integrity of the model which is printed. Therefore, the bubbles motion characteristic is under studied in this paper.
In terms of studying of bubble motion in gas-liquid two-phase flow, considerable research has been done [3] . Liu et al. [4] have studied the effect of structural parameters of piston pump on cavitations based on the gas-liquid two-phase flow theory. The interface morphology of individual bubbles rising in viscous fluid is simulated by using front-tracking method. And the bubble's deformation and the rising velocity are analyzed [5] . The motion law of bubbles in quiescent water is studied by experiments, and a new experimental method is used to measure the movement of bubbles and the change of their interface [6] .
In this paper, based on the principle of the screw-propelled 3D printing, modeling and simulating the motion characteristics of the bubbles in the printing process are done. The influence of structure parameters and process parameters on the motion characteristics of the bubbles are studied, and the way of removing bubbles are figure out to improving the performance of the new type 3D printer.
The Theoretical Basis of Multiphase Flow System Dynamics
Many researchers have done some research on the theoretical application of gas-liquid two-phase flow. In this paper, the motion characteristics of bubbles in ABS melted liquid are analyzed by using multiphase flow theory.
o Multiphase flow continuity differential equations
The derivative of the controlled physical quantity is equal to the sum of the increased quantities of the controlled physical quantity per unit time and the outflow of the surface of the controlled body. It is expressed as: Φ is the dispersed phase physical quantity and Φ is the continuous phase physical quantity in the system. Substitute (1), and change the surface integral to the body integral, Eq. (2) is obtained.
When the dispersed phase density αβ ρ and the continuous phase density ρ are constant, the Eq. (2) becomes:
The Eq. (3) 
Numerical Simulation of Bubbles Motion
In this studying, the 3D printing material is ABS, which is an amorphous material. Because of the complexity of the inner thread of the flow field model, the model is divided into two parts, one is screw model and the other is machine inner cavity model except the screw. In order to simplify the analysis and calculation, the screw can be simplified locally and the model can be planed. Ansys workbench is used to establish the screw model and the flow field is founded.
In this paper, the slender exit and the transition place are refined locally. The surface of the flow channel is arranged as an expansion layer, the screw edge of the inner of channel is divided into a hexahedron grid. And the rest is divided into tetrahedron grids. The whole grid is checked by FLUENT software, and the results show that the model grid is suitable.
The motion characteristic of the bubble which is far from the upper screw edge is mainly studied. The coordinate origin is firstly established at the entrance of the model. The Z axis is extruding direction. The value range of X-axis is -12.5 ~ 12. Figure1.a shows that the bubble, which is locate in the area far away from the screw edge, moving fast in Z direction firstly. But after a while, the speed of bubble in Z direction does not change. In this simulation, the helical movement is made in the flow field. The direction of rotation is opposite to that of the screw. At the initial position, the rotation radius of the bubble is small. As time goes by, the bubble gradually moves away from the center of rotation, slowly toward the inner cavity wall of the machine, and the bubble continue to move upward throughout the process. Then, the bubble moves to the inner cavity wall of the machine, and no longer continues to rise in the Z-axis. But in the vicinity of its location the bubble move up and down in a small range fluctuations. 
Analysis the Effect of Bubbles Movement after Structural Improvement Moving Characteristic of the Bubble after Structural Improvement
From above, it can be seen that if the bubble contact the upper edge, the bubble will stay and not move. Then, the bubble is not easy to be removed. If the bubbles not be removed, it is possible that the bubbles come to the out port of the nozzle and make the model which is printed incomplete. Therefore, in order to remove the bubbles quickly to avoid they go down with the fluid, the structure of screw propeller is improving designed. In this way, a square slot with a length of 375 mm is made on the melting and compression section of the inner cavity wall of the screw propeller sleeve. The slot is parallel to the axis of the inner cavity wall. The square slot specifications are 1 mm x 1 mm (new-1) and 2 mm x 2 mm (new-2) respectively. Then the simulations of bubble moving characteristic in the two structures of screw propeller are done. The rotation speed of the screw propeller is set as 60 r/min, the results is gotten and compared. Figure2 shows that square slot have a significant effect on the velocity of bubbles in Z direction. This is because the slot gives the area for bubble to rise in Z direction. And the speeds of the bubbles rise are almost same in new-1 and new -2 improved structures. The size of the slot has little effect on the movement of bubbles, so the slot area should be moderate, otherwise it will cause reflux.
Outflow Rate at Different Screw Propeller Speed after Structural Improvement
Whether the slot has an influence on the fluid outflow needs to be studied. The simulation is done and the results are shown in Figure3.
Figure3 shows that in the same model, under the condition of certain speed, with the screw speed increases, the outflow rate increases and almost linear with the screw propeller speed. And when the width of slot increases, the outflow rate becomes lower, but the changing of outflow rate is certain. Therefore, the outflow can be compensated by increase the speed of screw propeller.
Analysis of Outflow Compensation
Because the slot is made in the structure of the screw propeller which makes the fluid leakage, the fluid outflow will decrease. The outflow compensation for printing speed can be compensated by increasing the screw propeller's speed. The speed of the normal working is set to 120, 90, 60 and 30 r/min respectively.
The leakage flow of the new-1 is calculated and the printing speed required to be made sure in the same fluid outflow with the old structure model. The simulation results are shown in Table 1 . From TABLE 1, it is seen that if modify the speed of the screw propeller according to the data of these tables, the fluid outflow can be made the same.
Conclusion
Bubbles will be produced in the screw propeller working process. Under the moving of fluid flow, it is easier to be carried out by molten liquid. Therefore, it will affect the integrity of the molding. Through the simulation, the effects of the speed of the screw propeller, inlet pressure and screw pitch on the velocity of the bubble rise is studied. And the different locations of the bubble are concerned. The results show that the upper edge is the main obstacle that prohibits the escaping of the bubble in fluid.
Two type slots are designed to improve the structure of the screw propeller, and the models of these screw propellers are founded as NEW-1and NEW-2. The simulations are computed and the results are compared with the old model. The results show that the screw propellers with the slot on the inner wall will help the bubble to escape, but decrease the fluid outflow. The method of compensation of the fluid outflow is put forward. The speed of the screw propeller is increased to compensate the leakage of the fluid outflow because of the slot. Through the computing, the fixed increasing speed values are given according to the three speeds of the printing speed. This result can guide the practical application of the new type 3D printer which make with the screw propeller.
